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Abstract

To investigate the leakage and diffusion behavior of hydrogen-blended natural gas pipelines in
sandy soil composite conditions, a three-dimensional numerical simulation model of the leakage
and diffusion of hydrogen-blended natural gas pipelines in composite soils was established using
Fluent computational fluid dynamics software based on fluid mechanics and porous media theory.
The leakage and diffusion behavior of hydrogen-blended natural gas under different influencing
factors was analyzed. The results showed that soil stratification significantly influenced gas diffu-
sion behavior (sand > upper loam-lower sand > upper sand-lower loam > loam). The time it took for
methane to diffuse to the model boundary in loam alone was 1.56 times that in an upper loam-lower
sand structure, 1.4 times that in an upper sand-lower loam structure, and 2.8 times that in a sand
alone structure. Furthermore, the layered structure of soil affects the path of gas diffusion. Gas leak-
age increases with increasing pore diameter, while its concentration distribution varies due to the
differences in pore structure between sand and loam. The “gourd-shaped” gas diffusion pattern of
composite soils contrasts sharply with the elliptical diffusion pattern of single soil layers. Increased
pipeline pressure enhances the lateral diffusion capacity of gas. While increasing the hydrogen
blending ratio has a limited effect on methane diffusion, it significantly shortens the time it takes
for hydrogen to diffuse to the model boundary. This study provides important theoretical reference
for the safe design and leakage prevention of hydrogen-blended natural gas pipelines.
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Figure 1. Model schematic
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Table 1. Simulated leakage and diffusion conditions for buried hydrogen-blended natural gas pipelines
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Table 2. Soil physical parameters
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Figure 2. Grid independence verification
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Figure 3. Methane concentration distribution cloud map
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Figure 4. Vertical diffusion distance of methane and hydrogen
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Figure 6. Transverse diffusion radius of methane and hydrogen at different hydrogen doping ratios
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Figure 7. Transverse diffusion radius of methane and hydrogen at different pressures
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